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Abstract

ClimateSmart Forestry (CSKE an emerging branobf sustainable forest management that aims to manage
forests in response to climate chan@pecific CSfrategiesare viewed as a way forward fdevelopng
suitabk management responses and enhancingpiovision of ecosstem servicesHowever, there is
currently alack ofcomprehensive and cohesiassessmento implement CSH his papedescribeghe
step-by-step process thatleveloped a comprehensive and shareat&finition of CSFandthe processor
selecingindicatorsthat assesshe “tlimate-smartness of forestmanagement Adaptation, mitigation and
social dimensios are thecore focusof the CSF definitigrwhich reeognises the need to integrate and avoid
development of these spectsin isolatian. An iterativeparticipatory processvas usedvith a range of
experts in forestelated fieldsfrom the CLIMO projecthis was subsequentlgupported by anetwork
analysido identify sustainable forest managemeimdicatorsimportantto CSFThe definiton developed
here, is an important first step in to promote CSF that will aid practice in the forestry sétotan be used
as a template acrss Europetailored to localkcontexts Futher work communicating CSF poactitioners

and policymakerswill create a CSF practiemd culturethat will helpto safeguard futurgoresteconomies

and communities.

Keywords: sustainable forest management, adaptation, mitigation, social dimensioeconomy,

indicator



1 1. Introduction

2 Inrecentyears the term Climat&mnart Forestry (CSH)asbecone increasinglycommonin forestrycircles
permeatinginto academic and sectespecific culturdHansen et al., 2010; Jantke et al., 2016; Nabuurs et

4  al., 2018; Yousefpour et al., 2018heCSF concept is emerging as aponiant next step in furthering the

OCoO~NOOUITDAWNPE
w

goals ofSustainable Forest Managemdi®FM) and the sectdrresponse to the threat of climate change
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The Intergovernmental Panel on Climate ChangéQ)places great emphasis on forests and associated

activities, asrucial for mitigating the impacts of climate char@CC, 2014k order tomeet the Paris

PR
o0 h
\l

17 8 Agreementgoals considerablecontributions will be requiredfrom forests as nationsre simultaneously
18

%g 9 aimingto reduceforest degradatiorand enhancearbonsinks(Rockstrém et al., 2017As a consequence,
21

2010  forestscan be viewed aloth an issueanda solution, with healthy and widely beneficial forests the

23

2411  ultimate goal.

25

26

2712  Forestry has been placed tite forefront ofaction to mitigate climate chang@rough afforestation and

2813 carbon sequestration effort@Bastin et al., 2019Bubsequent managemersdtrategies will be significanas
31
3214  thesewill determine and regulate emissions, as well as producing ecosystem services that will support and

33

2‘5‘15 enhance dependent communities. The visibility of action throafjbrestationprovides clear metrics and
36 b . . . . .
3716 mitigation goals that currently align witlhe aimsof many governments that are pledging to massive
38

3917  planting commitments without future planninigr thesenew forests. Planting alone does not guarantee
40

2318 mitigation; careful estalishment and subsequent managemeastequired to support the forests,

43
4419  communities and economies. CSF definition and indicators could be vitality important for guiding-climate
45

267320 smart decisiormaking. Moreover, they could be components of a broader landssap& strategy, which

i?l continuously develops with complex so@oological systems to achieve sustainable development goals
50

5122  (Denton et al., 2014)Coordination and collaboration between stakeholders to create a shared vision is
52

g?s paramount to achieving such gogfolke et al., 2010; Kok et al., 201@jten institutional and technical

55 . . . .
524  capacities need to develop with working concepts such as CSF to help assess and promote effective
57

585  application by stakeholders.

59

60

6126 1.1 ClimateSmart Forestry definition

62 3

63

64

65
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The climag-smart concept originated with agricultuf@AO, 2010egnd E  }Pv]e « §Z wan (}E *
approach that helps to guide actions needed to transform and reorient agricultural systems to effectively
support development and ensure food security in a chandiimgue XThis approachwhich is adopted by
Nabuurs et al(2018 with regard toforestry,describes three main objectivesing climatesmart

agriculture as a templatdi) sustainably increasing production and incom@3$adapting and building
resilience; andiii) reducing or removingsHGemissiongdFAO, 2010a; Zilberman et al., 2018xbuursand

colleagueg2018 focuson the third objective of reducing or removing GHG emissions through forestry.

t }("~N]v § + «u EC A]SZCHiHatel QG AEE &}ZE «3[ E pybbticationsy ii0
e]Jv 1l ~&]PUE ~is A1S$Z }voC (JUE ESE] 0 * A %0]-180E3 &EEs «Rv® (Y[Z]
Europe as the main focus of the artic(@andl et al., 2018; Nabuurs et al., 2018, 2017; Yousefpour et al.,
2018. CSF literature over the last eighteen years addressed a number of issues including GHG emissions
(Yousefpour et al., 2018prbon sequestration with a strong cluster of publications on RENBBuurs et
al., 2018; Vass and Eladss 2016) land use and habitat changBussinen et al., 2009; Smiraglia et al.,
2016)impad ontree speciegliversity/distributionand forest structurgDel Rio et al., 2016)vildfire
regimes(Fernandes, 2013; SouSdva et al., 2018)nd the resulting effects on management and decision
making(Hansen et al., 2010Beyond the CSF concept, there is an emerging area focusing on mobile
applicdions that collect forest data through citizen science and professional monitoring net@akg et
al., 2015) A thoroughanalysis of the CSF agd literature is provided idppendix A oSupplementary

material.

Nowidely adopteddefinition currently exists for CSF, therefotiee term is being interpreted in a number
of ways, which mostly focus on the reductionggéenhousegas (GHG) emissions and effective carbon
sequestration as the ore mitigation actiongNabuurs et al., 2018; Yousefpour et al., 2088¢io-
ecological systemisavemostlynot been addressedofar in CSkvith the majority ofstudiesbasedon
modelling techniquesnainly addressing carbon sequestrati@ubstitutionand climate impactéNabuurs

et al., 2018; Yousefpour et al., 201Bpr this reasorpractical guidancdor assessingnd implementing
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CSHs neededto supportforestregionsandto promote climate-smart management withithe context of

diversesocialecological systenmthat they support(Folke et al., 2016; Melnykovych et al., 2018)

1.2. From SFM indicators to CiBidicators

Forests provide valuablecosystem servicebat contribute tosocial capitglsupportrural economiesand
generate significant income for communitigBiber et al., 2015; Melnykovych et al., 2018)Ike et al
(2016)highlighed that social and ecologicadterestsare inextricably intertwined, shaping one another
along spatial and temporal trajectorieshich feedback to influence opinion and behaviour. These changes
to external effects, such as climate changuire shedding legacocialecological system® be replaced
by newsocialecological systemsapableof responding to current and emerginballenges that threaten
human wellbeing.Socialecological legacy and adaptability present as much an uncertainty and
unpredictability, as climate change impadisereforeforest managersely on structures, expertise and
guidance in which to operate to minimise unwanted outcomes. Skikéria andndicators(C&l) payment
for ecosystem services (PES) aedification schemes represent sutiiols and expert guidancen
particular, C&hre a widelyapplied policy toofor monitoring, assessing and reporting on S for
supporting the definition oforest management priorities and targefSantopuoli et al., 2016;

Wijewardana, 2008; Wolfslehner and BaychéWarger, 2016)

C&lfor SFMmay be required in areas whetke capacity to collect, measure, record and assess data is
challengingHere guidance can increase the visibility and highlight the importance of the sethiges
forestsprovide to the wider landscape. insimilarway, a definition and indicatoréor CSFcan enable

forestry professionals to resportd current uncertainties ifiorest managementProcesses such as SFM
recognise thabur understanding of forest ecosystems, seeimnomic conditions, technologies and
stakeholder priorities will continually changgherefore, indicatorsmust be flexible enougto adapt to
emerging challenges and deman@snser et al., 2018put also highlight when new guidance is needed and

management should be reassessed



76  This papepresents for the first time, a broad definitiorof CSF, which can be subjected to further testing
277  and verificationThedefinition was developedhrough an iterative deliberative process that involved
578 confrontationamonga multidisciplinary group of experfeom 28 countrieghttp://climo.unimol.it/)

779  participatingin the COST action CA 1528imateSmart Forestry in Mountain RegiofGLIMO).

980 Developed for policymakers and practitionershe CSFHlefinition initially aimedto guide European

1281 forestry, but canalsobe used as a templatén other areas bthe world Moreover, the paper describes the
1482  processusedto select indicatorsenabling assesment of the climatesmartness of forests supportof

1383 SFMand limiting the negative impactaduced byclimate changeSection2 describeghe definition

18
1984  building process as well #se methodology for the network analysis of the SFM indicators. The results of
20

285 the network analysis and the CSF definition are described in the séctiamd 3.2 respectively. Sectiod

3}36 discusses the implications for Europdarestry and climate policy, while outlining further waakd next
25

2687  steps.Section5 covers conclusions

27

28

2888 2. Material and methods

31

32

3389  2.1.Thedefinition process

34

35

36890 TheCSF definition procegsvolved participants of theEUCOST Actio@LIMQduring and betweerthree
37

381 separate meetingéTable S1 Deliberative processes are used in diverse environments from shaping of
39

2292 international policy tadecisionmakingat a community level with the aim to build common consensus on a
42

4303  wide range of perspectives, leading tolective agreements and actioiiBietz, 2013; Wolf and Klein,
44

2294 2007) Develgpment ofthe CSHefinition for CSRndrelevantindicatorsfor monitoringand assessment
47 . . . - . .

4895 (Figurel), aims tobuild a guiding frameworfor future research, practice and policy.

49

50 e e . . . . .

5196  The multidisciplinary background of CLING@est professionalfostered an iterativeanddiscursive

52

537 participatory approach thabasproven effective for forestgovernance and wider decisignaking

54

2298 processesThis enabled participants to share views on forest management and CSF, identifying important

57
5809 linkages between SFihdforest ecosystem servicéisat would prove beneficial for CSF.

59
60
61
62
63 6
64
65
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Saynajoki (2014)suggests that confrontation of perspectives is a key stage for groups that aim to elicit and
examine individual reasoning, allowing for broader reflection on complex issues. Therefore, the definition
was tested and challenged over the seriesngietings(TableSL) until a consensus was reached with the
currentversion.These meetings were part of a longer process planned to take the definition from an initial
concept inspired by Climat®mart Agriculture and thEorest Europ&&I forS-M, through this initial

definition. Further amendmensg are envisionedfter consultation with policymakers and practitionavith

the ultimate aim ofdevelopgnga CSF toolkit for forest managers.

[Insert Figurel here]

At the inaugural meeting (Trento, Itallfebruary 2017Working Group (WG1) was formed to develop a
comprehensive definition for CSF atddentify criteria for CSF assessmantl monitoringto generate
baselines for future research, practice and policy. Working Group 1 was the largestoivimicing groups
with a diverse range of participants with backgrounds ranging fian@st management teecophysiology
and ecologyfrom soilscienceto forest policy, as well ageneticsandlandscapananagemen{Table & -
AppendixB, in Supplementarynaterial). In the first meeting, the general aim and methodology for
reaching a definition and seltieg criteria were discussed. A sgboup of WG1, with members from the
COST Action CORE group and participants from other working gvoagsstablished ith the specific task
of developing a CSF definition. This-gmbup met in Sofia (Bulgaria) 8eptember2017 to produce a
preliminary(incomplete)draft of aone-page definition. This was shared by email for consultation and
amendmentfirst with the sub-group participants who had not been able to attend, astondwith all
members of the COST Action between October 2017 and February 2018. In February 2018gtioesub
reconvenedat the annual CLIM@eetingin Sofia tocome up with a first fuldiraft that could be presented

duringthe plenarysessiorto all partiagpants

At the end of tle third meeting the definition waschallengedin an open discussioby representative
from each WQy providing comments, suggestions and amendments that had been compiled and

synthesised from each separate WG. These were presented to WG1 and discussed until a



14
1531

1732

S5

consensus/agreement was reached to either integrate, modify or reject the proposed chaiige
confrontational method allowed all suggestions to be put forward for debate, defence and negotiation,
which is an increasingly necessary stage for contentious issubsreas of uncertaintyMavrommati et al.,
2017; Pellow, 1999; Runhaar et al., 2018)is important step ensudghat expectations, inherent bias and
agendasvere challengedso thatthe definitioncan be judgedo be developed through eomprehensive,

transparent, ¢gitimate and effectivgprocess

A high numberof CLIMO memberactively participated in thelevelopment of the definitionOverall,48
members contributed from 19 countries with a range of expertind management experience (Tal -

AppendixB, in Supplementarynaterial).

2.2. Determiningcriteria and indicators

Since the 1990s, many international processes deesl@pinciples,C&lto support SFM worldwide
(Castarieda, 2000)n Europe, the paiuropean set of C&r SFM is considered one of the most important
tools for assessingmonitoringand reporting on SFM, and is implements&ilely among European

countries(Santopuoli et al., 2016; Wolfslehner and BaychiMager, 2016)

Indicators for assessing G8€ludeadaptation and mitigatiorstrategies andalso consider the mujie
benefits that foress provide to society. The CLIMO partners agreed to identify CSF indicators, from the
panEuropean set (TablB, thataddressadaptation and mitigation, but at the same tinobservea

number of forest ecosystem services, which are imporfansupporing smart decisiormaking in forestry
For this reason, the Common International Classification of Ecosystem Services (hereafleveZ$i2inSst
(HainesYoung andPotschin, 2012)vas used to select the most relevant forgstated ecosystem services
(Table2). Maintainingecosystenserviceds crucial for supporting human wdiking,however the quality

of these servicerelieson healthy forest environments and sustainable forest managenteott this

reason, all ecosystem services were considered equally important in this study.

[Insert Tablel here]
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During the meeting in Sofia 2017 participants were asked to (i) define whether or not the SFM indicators
supported monitoring of adaptation antbr mitigation forest management strategies; and (ii) identify the
forests ecosystem servicésat can be monitored by indicators previously identified. Beyond the SFM
indicators, four additional forestry indicators (i.e., management system, slenderness coefficient, vertical
and horizontal distribution of tree crowns) were included in gvecessy CLIMO participantsiue to their
accessibilitthrough National Forest Inventory data and field surveys. Participant choices were organized in
a matrix, within which forest ecosystem servieesre columns and SFMindicatorswere rows. Three
matriceswere created, one for adaptation, one for mitigaticand one for adaptation and mitigation

combined namely CSF (see Figure S2, S3, and S4 appendix C)

[Insert Table Dere]

The Analytic Network Analysis was implemented to identify the most relevant indicators for assessing CSF.
In particular, a Twanode network analysis was performed in UCINET software to manage the twaf sets
separate entities (Hanneman aiiddle, 2005), sxificallySFMindicators and forest ecosystem services.

This approach is similar to that undertaken by others using C&l for selecting indicators of SFM through a
participatory approactiMendoza and Prabhu, 2000; Santopuoli et al., 20489 support decision making

in SFMWolfslehner et al., 2005; Wolfslehner and Vacik, 20CEntrality measures, such as degreeoke,
betweenness and closeness were calculated to weight and clasgifgtorsinto groups of CSfelevance.
Additionally, key argumentérom CLIMO participantis response tdhe groupgdiscussion and debate of

indicators, iteratively contributed tshape the CSF definition.

Results were displayed as a network through a fuzzy cognitive map cartiedtioiNetDraw software

(Borgatti et al., 2002)indicators and forest ecosystem services are the nodes of the network, while the ties
reflect the suitability of indicators to nmitor adaptation, mitigation or both, awell aghe forest

ecosystem services theddressIn the twomode network, the ties are unidirectional flowing, from the

indicators to ecosystem services, therefore no connections between nodes of the samgiemtigmong



1881

4190

P97

indicators)exist Further details about networ&nalysis andtructure can be found in the Annex C in

Supplementary material.

3. Results

3.1. Network analysis

Twentythree forestrelated ecosystem services were selected and usedarOBfassessmenfTable?).

Twelve out oR3 belongto the regulating section, sbo the provisioning and fiveo the cultural section.
However regulating (i.e., sequestration, biological control, and refugia) and provisional services (i.e., raw
materials and®BP)vere highly connected with most of the indicators (Figure 2 and FigureBg3pontrast,
cultural ecosystem servicesich asspiritual, recreation, tourism and aesthetigere slightly ess

connected

Results show thad total of29 indicatorswere selected by participants as suitable to assess adaptation and
mitigation, then were subsequentlyused to perform the network analysiSwentyfive of these indicators

came from the original 34 for SFM, pthe four new indicatorsidentified by the @rticipants(Table 2)

Seven indicators of criterion 6sociceconomic function (i.e., 6.1 forest holdings, 6.2 contribution of forest
sector to GDP, 6.3 net revenue, 6.4 expenditure for services, 6.5 forest sector force, 6.6 occupational safety
and healh, and 6.11 cultural and spiritual values) and two indicators of criteridor8st productivity (i.e.,

3.3 nonwood goods, and 3.4 services) were not selecushighlighs that many socieeconomic aspects
werelostwhen consideringidaptation and migation ascentralpillars of CSfor the group of experts

consulted.

The centrality variables (Tal® confirms this trend showing that indicators 6.8 trade in wood and 6.1
accessibility, are two of the most peripheral indicators. Nevertheldsg,out of 29 indicatorsare central
to the network, showing a degree of 23, which means that they have connections with all the 23 forest

ecosystem services considered in this study.

Moreover, contrary to the expectations, indicators 1.4 carbon stock, rb®igg stock and 4.5 deadwood,

arepositioned peripherally in the networtue to their linkages with regulating services and poor

10



198 connection with other forest ecosystem services. Conversely, the new indicators provided by CLIMO

499 participants obtained higheand medium centrality values.
200 [insert Table3 here]

%01  Four groups have been identified based on the centrality values (Babled the position of nodes in the

10
1402 network (Figure2).
12

13
1203 1% core group indicators

15

16
1204  This group includgl?2 indicators with higher cerality values (Tabl8), positionedcentraly in the

18

%%05 network. Strong linkages are demonstrated to indicatorassessing the preservation of forest resources,
%06 such as indicators 1.1 forest area and 4.7 forest fragmentation. Most of the indicatorseoiocrid t

2207  biodiversity conservationare included in this group, such as 4.3 naturalness, 4.1 tree species composition
2808  and 4.9 protected forests. Moreovdhe groupincludes indicators whichddressplanning and promang

2409  sustainable timber productigrsichas 3.5 management forest plan, 6.9 energy from wood and 6.7 wood

310 consumptionMonitoringthese core indicatorwiill be necessarin order to promote CSF through the

211 adaptation and mitigation by forestry practices
?12 [insert figure2 here]
3 2"core group indicators:

2414 This grougentres uporindicators of criterion 2t forest health and vitalityincluding2.2 soil condition and
4315 2.3 defoliation, a well asndicators of criterion 4t forest biodiversityincluding4.2 regeneration, 4.6

glﬁ genetic resurces,and4.8 threatened tree specietdicator 5.1 protective forestsanbe considered an

5017  overarching indicator for this groufResults show that these indicators have higher centrality values and
%18 similarcapacityto monitor both provisioning and redating serviceslnterestingly, this group hadso

gélg someconnectiorsto cultural ecosystem services suggesting that management under CSF would directly
5220 enhance cultural services of the forest ecosystéwr. these reasons they are considered core group even

5921  though they occupy a peripheral position in the network.

62 11
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15t peripheral indicators:

This group includes indicators thd¢é¢monstratethe influenceof silvicultural interventions at stand level
whicheffecttree competition, tree growth and forest productid3.1 increment and felling, 1.3 age

structure, 1.2 growing stock, 1.4 carbon stock and 4.5 deadyvddeese indicators are mostly linked with
regulating ecosystem services. The lower centrality values, especially for indicator 3.2 roundwood and 6.8
trade in wood, and the marginal posin in the networkidentifies them aperipheral indicators.

Nevertheless, they provide important information to direct forest management toward more efficient
mitigation actions, particularly related to the improvement afloon stock and sloiwg down the natural

release of carbon into the atmosphere.

2" peripheral indicators:

This groups composed of a singiedicator, 6.10 accessibility for recreatiomainly due to the marginal
position rather than theelativelylow centrality values. However, the marginal positmnone handand

the powerof connection with cultural ecosystem serviagas the otheridentifiesaccessibilityas peripheral
indicator. This does not diminish its important role for assessing CSkeupanty in mountain forests for

which forest roads are crucial not only for recreation purposes but also to ensure harvesting activities (i.e.,

sanitary interventions)counteract forest firg and reduce forest managemenbosts

Results highligled perspectivesof CLIMO participantwith regard tomonitoring and promoting SF.
During the analysithe mainthemeswhichemerged from the participatory process and network analysis

(Figure3), aresummarsed below:

x CSF is not limited to regulating ecosystenvises

x Srengtheningof adaptation and mitigatiormeasures to suppofbrest management strategies

x Foresthealth and vitality are crucial for protection anthintainingother forest functions

X Maintaining forest biodiversity ikeyto counteracing climate change

x CSF has tmaintain and enhancthe provision of wider forest ecosystem services
12



246 X Integration ofsocial dimensiosis keyfor implementing climatesmartforest management
247 [insert Figure3 here]

@48  3.2. Climatesmartforestry definition

249 The working group participantievelopeda CSF definition that included five sectioadirief overarching
¥50  CsF definitiorsections oradaptation, mitigation and social dimensioasda concise summary statement

1351  about CSkBox 1)

15
1852 [insertBox lhere]

1353 4. Discussion

%54 4.1. CSF definition and indicators

255 CSF continues to develop, as a con@eqt in practice, but enhancing and facilitating clear implementation
2256 pathways could be the difference between forest communities either thriving or declining. The

2857  underpinnings of CSF are already integrated into literature, policy and practice throwgtiststd and

%58 accepted frameworks (i.eadaptive management, mitigation and ecosystem services) under the SFM
359 umbrella, which provides a platform to develop targeted and relevant clirsatart expertise. Climate

3960 change is challenging current managementexyss with wide reaching impacts for forests and societies;
o461  these challenges are heightened when considering vulnerable areas such as mountainous regions.
462  Therefore, rapid action that fosters greater understanding of climate induced changes will require

%63 meaningful cooperation between practitioners and poheyakers. Communication of relevant advances in

44

4864  the field is needed to address these issues with targeted knowledge and management approaches that can
46

2%65 be applied and adapted to local areas. In order totcwally refine the assessment of CSF indicators and to

2%66 promote communication among poliapakers, forest researchers and practitioners, a CSF approach that

51

5267 develops understanding and impact needs to be established.

53

54

5868 In section 3.1, indicators considereeintral to adaptation and mitigation for forests (carbon stock and
56

%69 growing stock: see Figure 2) were identified as peripheral for CSF, whereas core group indicators were
39 - I : : . :

6070  more explicitly related to human activities, management actions and interventionsr{é&aigtion, wood

61

62
63 13
64

65
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consumption, wood energy and management plans etc.). These focus on the combined processes and
interactions between forests and human intervention through forestry activities. However, indicators such
as trade in wood, roundwood, as welliasrement and felling fall within thestlperipheral group despite

their association with management. Linser et(a8D18)stress that the discussion around SFM will
continually evolve andespond to socieeconomic aspects and emerging challenges. Therefore, subsets of
indicators might be necessary to link with other sectors or tailored to fit particular issues such as climate
change. CSF indicators may change with the input from more divarge of stakeholders or m®

focussed geographical rang@dis paper differs from those dfabuurs(2018;2017)and Yousefpour

(2018)as it includesdaptation and mitigation as broad frameworks, and emphasises the importance of
the social dimensions of forestmudditionally, this study includes a core set of CSF indicators that could
guide managers and poliegakers to more climatsmart practicesenhandng climateadaptationof

forests and the provision of ecosystem services. Central indicators promote forest biodiversity conservation
and sustainable management of forest resources that fit with the demand of both the forest sector and

wider public.

Jandl et al(2018)conclude that the production of long living wood products {icenstruction timber) is a
favourable strategy for CSF wherein carbon is stored in longer standing trees and products. This supports
the centrality of the wood consumption indicator, which égkinto account the use of wood and the types

of products that would be favourable to CSF. However, some issues are related to the riskteyiong
standing trees from episodic disturbances and the fact that4stagding timber slows carbon capture in
comparison to new forestHarnon and Campbell, 2017; Jandl et al., 20I8)e relationship between tree
carbon and resulting soil carbon capture is viewed as positive for CSF even though tree carbon capture
slows with time, soil carbon is generally recognised to increase. In spite of this widely accepted view, Ji et
al. (2017)present evidence foaccumulation of soil carbon peakstemperate broadleaf forests stands
around 50 years of age duritige premature stage with general decreasdhlereafter. This further

emphasises the importance of adapting CSF recommendations to regional or local context. Scenarios of CSF

are based upon tradeffs and decisiommaking processes, suitable to the seemmnomic systems and

14
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ecological lifecycles. As an example, early thinning can be viewed as an integral stage of forest production
to supply bioenergy (woodfuelubstituingthe use of fossil fueJsvhile supporting growth of higher

guality and economicatlvaluable final timber cropdundwood (Bowditch et al 2019; Jandl et al., 2018;
Roser et al., 2011Managingwoody biomass, for examplejayreduce the risk of large catastrophic
wildfiresand alter the flow rate®f watercourses duringxtreme weatheiconditions (drougts, heat

waves rainstorms andstrong winds)o reduce flooding risk. The potential impact of a wood energy

indicator through management and use would explain the importance within the network analysis.

Developing CSF resources to contextualise the indicators, especially at a locavilexedjuire collection of
data from longterm monitoring plots, creation of new plots to evaluate targeted attributes at both the
stand and landscape level, which will enable the analyses of trends in CSF indicators to identify priority
areas for adaptéon and mitigation. Trends in CSF indicators could also be mapped out through the
trajectory of scenarios that either implement CSF or alternative management a¢¥onsefpour et al.,

2010) Other tools, such as the European network of marteloscope sites, are being used to gather historic
and baseline data, as well as being deployed for forestry training actig@sgopuoli et a].2019) These

sites have the potential to play a crucial role in testing SFM indicators through the simulation of various
forestry scenarios, as well as maintaining avdluaing time seriesdata fram sitesthat quantify

vulnerability to climate change

Mina et al.(2017)observed that climate change projections under difftremanagement scenarios have

highly variable impacts on the provision of ecosystem services in mountains areas, subject to regional and
site conditions, as well as future climate responses. There&stablishment of connected and comparable
demonstrationsitesand permanent forest plotkocused upon collection G2SF indicatadataover
geographically distributed areasll aid monitoring olvital climate chang@mpacts on forest ecosystems
(e.g.,Instruction on Site Characteristic in measurements in $ts(6COJ. Nevertheless, longerm plots

can only approximate certain traeleffs without greater accountabilitgf disturbances and pressurésat

change responsgé.ocatelli et al., 2017)nsome areas, such asountain regions, vulnerability to climate

change anckveryday pressures will place forestry at the centre of an integrated seoiddgical support

15
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system that enhances economic opportunity and boosts resilience to the uncertainty of climate induced
changegSchultz et a)2015) Therefore, planning and management strategies would benefit from co
development with local populations to ensure investment and recognition of hufogst key

relationship.

4.2. Implementation

Each country and region will interpret definitions, principles and indicators differently, as diverse forest
types and tree species, ecosystems, sagonomic conditions, and people will vary. These will be

especially pevalent in critical or more sensitive areas, such as European moufit&ixer and Bugmann,

2017) As the need for action against climate change heightens, greater guidance will be needed at all
scales from international polidg individual forest managers. A keystone development to bridging the gap
between policy and practice will be effective engagement with forest managers, forest communities and
different forest owner types to assess the accessibility of CSF indicatoteniering locally adapted CSF
through diverse interactive methods aims to help sustainable communities develop alongside a productive
forest resource. Andersson and Keskitgl®18)state that actions must be achieved through social rather
than environmental logics, as internal institutional systems, motivatamgsincentives will often steer and

limit adaptation conceived by external drivers and influences. Mitigation strategies that dominate high
level policy should be balanced and aligned with development of lower level actions, so regional nuance of
boththe poSpu®E v u v P VA]E}vu vE E %0 S W 0 } E@AINEE IBVP v Z
Additionally, overdependency on carbosequestration and storagas a panacea to climaiaduced

changes could seriously overshadow adaptive capacity on regindabeal scales inhibiting small

innovations and planning strategies that could contribute cumulatively to the global {[Bslieet al., 2018;

Frame et al., 208; Thornton and Comberti, 2017)

CSF adaptation measures can include the aim to improve management of specific species mixtures to
maintain production under a changing climate, as well as maintaining or increasing associated biodiversity
(Del Rio et al., 2016, 2014; Nabuurs et al., 2018; Pretzsch et al., @@ichH could simultaneoussupport

the social dimensions of these forests for resilient communifesnatas et al., 2016; Brunner and Grét
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Regamey, 2016; Seidl et al. 150 A mixed species approach can be used to buffer but not entirely protect
against conditions resulting from climate change, however, the complementarity of mixed species
outperforms block mixtures under most climate change scengRasil et al.2019) Many forests will be in
vulnerable climatic zones with concentrated climate induced changes impacting species mixes, habitat
suitability and ultimately shifting distribution ranges. Nevertheless these asangy favour and provide

new production opportunities for some regiofisindner et al.2014) This may represent an important

revenue source for local economies, especially for communities sujftndm depopulation, as well as a

lack of services and infrastructure (structural and business) that supports community development.
However, most predictions cite the reduction of species range and consequently lower production as more
probable(Liang et a].2016) which makes conservation and enhancement of current native forest mixtures

important.

One way of furtheringesilience and adaptability of native forest diversgyo improve connectivity and

migration corridors of key species and forest structures to sustain the availability of seed sources, as well as
genetic variationYang et a)2015) Such adaption and response to climate induced change embraces the
multifunctionality of forests, which must be reflected in management approaches@hdal integration
(Halofsky et aJ2018) In Finland, forest owners show a willingness to participate in PES schemes aimed at
reducing widedandscape risks of pests and diseases, as long as it provides some management flexibility
and does not unnecessarily prohibit forest operations that predievenue and improved end crop yields
(Sheremet et a)2018) This approach demonstrates a step towards customising PES to fit individuals and
regional differences through a common goal that binds forest owners over large land¢Captg 2014)

A similar tailored PES model could be used for CSF guided by indicators and local priorities that taps into

importantissues for managers.

CSF mitigation focusses upon carbon sequestration and storage, timber product use, bioenergy growth and
use, and the interactions between lifecycles to optimise carbon neutral activity. Theredoomnciling and
aligning these someties-competing activities will be a crucial step. However, the focus on tangible metrics

currently dominating the C§RNabuurs et al., 2018, 201&yuld be a limiting factor in developing future CSF
17
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strategies. Carbon sequestration is a now widely accepted substantive mitigation mechanism, adfrade

in decisionmaking and resultant managemeattivities are measurable, such as yield increment, revenue
variability and the use of various silvicultural approaches. Greater recognition of forest planning and
diverseforestry approaches in mitigation strategies should be integrated into CSF. InHasg actions

underpin carbon sequestration and storage, as well as adaptation issues, which will cumulatively impact the
rest of the supply chain and foredependent communities who are supported economically and socially

by a range of ecosystem sengg@rang et al., 2014; Colloff et al., 2016; Blagt al., 2017)

Ecosystem services assessment has been identified as a tool that could link stakeholders with management
practices and CSF governance, a visible action and beneficial outcome that strongly relates to social
dimensions of CSF. TherefpRES, conservation partnerships and bridging organisations with local
stakeholder expertise could play an important capacity building (©tekburn et al., 2016; Lange et al.,

2016; Rouillard et al., 2015 reating and maintaining social capital, such as knayeleschange,

upskilling, technological development and use, as well as better monitoring and reporting to aid adaptive
learning(Curtin, 2014; Lawrence, 2016Quld be key components of assessing the social dimensions of CSF.
The CSHefinition and subsequent development of applicable C&I guidance aim to support livelihoods of

sustainable communities based on production, conservation andhvegllg.

Key features to creating an implementation pathway for CSF should include managerdertranectivity

of large datasets for lorterm monitoring to track and understand the biophysical processes and changing
trends. These features will be supported by openly accessible data, guidance on use, and landscape scale
data that can distil into cusmisable tools for managers, as well as into coherent points of collaboration

and transparency between policy and pract{d&buurs et al., 2019)

4.3. Perspectives

European policy should aim to be comprehensive and flexible enough to include broad actions and
strategies with locally tailored solutions for regions and individual countries. A survey bySiwasat al.
(2018)explored forest managers views on climate change over seven Europeamiesuihese managers

recognised the potential impact of climate change but had little awareness of how to respond to threats or
18
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implement adaptive management measures. This is supporte@diyet al(2018) AZ}[« AYEI ] v3](]
forest managers lack of knowledge regarding adaptability and todfieto environmental change in mixed
species forests. A CSF toolkit that uses the definarmhindicatorsdentified through the analysis

presented here could be usexs a baséo address the knowleddmformation gap between science and

practice.

Developing CSF from the bottenp using experience of forest managers will be central to shadpesy
practice from current adaptive managemeniplementation and applied learning. On the international
level, forestry is increasingly viewed as one of the most effective ways to mitigate climate ¢Basta et

al., 2019; Chazdon and Brancalion, 2019; FAO, 2046Wever the discussion between forest accounting
being based upon past management activities and prospeniaeagement is ongoin@srassi et al2018)
Establishing different management approaches that deviate from the status quo has been challenging in
regard to PES, as integrating clear and trustedieation processes and documenting an agreed baseline
from where alternative management diverges is difficult to implement on a widde(Kang et al. 2019)

In this context an appropriate mix afaditional andnovelindicators ofclimate changeimpacts on
Europearforests have been proposed to improve the prediction of stand dynamics and forest productivity
(Bussotti and Pollastrini, 201 )nder the Paris Agreement a flexible apgech toward baseline accounting

of past management that supports changes that increase production, forest health and forest community

E +]Jo] v UA}po E (0 & u] o PE}uv }E +&1}( }8Z A}YEo [+ + v E]}

Mismatches in communication and failed inities often originate from narrow scope and a lack of vital
information. Therefore, combining social sciences with more traditional areas of forest science could help
avoid issues that perpetuate probler(Buckett et al.2016) Recognising and integrating novel factors such
as social territories and scales, based upon core sec@bgical systems, could identify key intervention
points that help enhance our altilito manage forests and avoid future spatial, temporal and political
mismatcheqFischer2018) InMelnykovych et al(2018)community members showed interest in

designing and implementing the sustainable forest policy measures that managed the provision of

ecosystem services and enhanced vixgling. Howeverthese aspirations were tempered by the need to

19



427  prioritise income generation and daily management actions. This underlines the need to develop resilience
%28 with local community sustainable development goals, as well as balancédongolicy goals with sht-

329 term needs of the localit{Bull et al,2018) An approachhat operates through calesign and production

430 may have a greater chance of creating CSF framework with bespokpséir different regions,

331  ownership and forest types.

32  CSF definitions, guidance and tools generated by such projects as CLIMO cotdéirreethe approach to

14
1433  forestry as a more sophisticated mitigation measure encouraging-sacnomic growth and innovation.

16
1434  CSF should endeavour to take a systemic approach rather than treating individual symptoms, looking to the
18

% 35 longterm health and redience of forest ecosystems, which includes people as a central component.

21
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2637  link to climate change and superficially addresses the land use managey@amics that are vital for

2138 developing climatesmart policy. Such criticism highlights crucial gaps in the connectivity of European
439  strategies (Forestry, Bioeconomy, and Climate etc.) that could potentially be addressed and informed by
3240 further developedCSF definitions, guidelines and toolkits, which aim to enhance the science/policy

341  interface. However, Hodge et 42017)emphasises that bioeconomy already acts as a bridging concept,
33942 bringing forestry and climate change closer together rather than dividing them into sedaa@nches that
?843 operate in isolation. Using an umbrella concept, such as bioeconomy, which can be inclusive and

g44 comprehensive, can also embed brdlagish approaches that overlook key implementation issues in

#45  specific sectors.

4446  Additionally, such concepts Gfoeconomy are dominated by economic, resource use and commodity
4947  concerns, which have the tendency to neglect saaia ecologicatonsiderationgKarvonen et a]2017)

548  such as higitevel governance and local participati(filzl et al.2014) These have been recognised as key
449 elements of the CSF approach and, therefore, should be highlighted as important considerations for
5%50 translating bioeconomy impacts into relatable regional versions. Bioeconomy coald ibgportant

5451 concept in halting the reduction of biodiversity and ecosystem services flows, which rely on balancing the

62 20
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effective integration of sociadcological, cultural and economic dimensions alongside the management of
natural resources that are sudgjt to uncertain changedarchetti et al, 2014) Therefore, CSF as defined
here, offers a legitimate and inclusive discourse linking energy, carbon, production, biodiversity
conservation and resilient communities; supported by scientific evidence and metrics that can provide
implementation options ad guide management goals. Market inclusion and transparency of climate
impact and risk to key environments from increasing clirrinthiced changes will be crucial to avoiding
economic recession, therefore markets need to take more responsibility and suUpR& and CSF or risk
further loss of vital ecosystem serviggzriffin, 2020) To achieve such goals specific evidence and
management roadmaps are needed to give policy the necessary teeth to affectavigieyg change that

will reach and work with individual forest managers.

4.4, Limitations and future work

When approaching any type of definition or guidance for a wide range of stakeholders over large
geographical areas there will be limitations, as well as scope for improvement and further development.
Strengthening our definition and set of indicators f@Fowill be the next steps, as the participatory process
was represented by a group of mostly forest research professionals, although these were geographically
dispersed with a range of expertise, which substantiates the broad European approach. In@ussiny f
industry professionals and practitioners in the refinement of the definition and indicators is the next step
and currently forest managers and professionals in 20 countries of the CLIMO network are responding to
the CSF definition and indicatorsitdorm the next iteration and potential steps for tailoring at regional

levels.

Aligning the CSF indicators with available data from European forest monitoring networks and National
Forest Inventories data will allow for creation of baselines and hgstbanalysis of trends toward climate
smartness and the corresponding management actions. Lorente @CdI8)created a wekbased platform

to display and ammunicate a set forest indicators for climate change. However, they acknowledged

further refinement at the regional level and greater consideration of secimnomic factors, as well as
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partnership and engagement with practitioners would enhance the irhpad utility of the indicators.
Indicators for the transition from a federal to a hybrid social forestry governance structure in the USA were
developed focussing upon partnership, collaboration and institutional innovagidioisams et al., 2019)

This work provides the opportunity to map changes in governance patterns of forest units over spatial and
temporal scales but also all@for analysis of capacity building and institutional infrastructure required to
support these transitions. However, the authors also recognised the importance of understanding how
changes in governance influenced and impacted ecological change to ertharstewardship function

increasing resilience and ecological integ(@@annon et al., 2018puch steps will be key for CSF to

establish a sound platform of communication and dissemination between practice and policy, shaping clear

linkages that can be understood and interpreted by both managers and poéikers.

Finer detail of data collection to recognise the importance of local management systems that work within
SFM indicators has been highlighted in northern Italy by demonstrating the complexesaciomic

dynamics of coppice management systems thgiport a historic and wider econonfRiccidi et al., 2019)
Despite the peripheral location of cultural indicators in this paper the definition reconciles the importance
of social dimensions including so@oonomics in supporting and promoting CSF. Further work around
cultural and socieeconoric indicators will be required perhaps as a linking-sebof indicators that

facilitates the key channel of communication between managers and pokders.

5. Conclusion

Promoting CSF will require more time to build effective working relationshipsasstwtakeholders and
policymakers cultivating the trust needed to realise these strategies, recommendations and best practice
guidance(Lange et a)2016) Improved communication and use of expansive participatory methods to
engage and interact with foresnanagers will play a key role in this process and naturalising what may be
e« v C u vCbotherfecycled concept |v8} % E §] v }uulv A} po EC }( 8z
Advancing CSF processes, beginning with baseline definitions, testing of indicators through key sites,
monitoring and experimental data will be influential in developing and progressing climatgeipalicy,

such as the Paris Agreement. This paper offers a potential roadmap and process to implementing CSF
22
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starting from the definition and indicators with the aim of expanding our understanding of management

and decisiormaking challenges that can béimately refined into tool that delivers on SFM goals. This

paper is an important first step in offering a CSF definition and indicators that can be used as a template on
a European level and adapted to localities to provide much needed guidance fogimgmaore resilient

forests and practicing CSF. However, engaging forest managers and wider stakeholders of forest
communities will be central to developing, testing and refining further steps that aim to produce a valuable
resource for forest practitionerto enhance the management of their forests in response to future

uncertainty and growing demands on these forests.
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303 criteria-indicators/), considered suitable for assessing the provision of ecosysterites, according the
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Table 1: Set olndicators for SFMselected from the Forest Europe C&I qéttps://foresteurope.org/sfm-criteria-indicators/), consideredsuitable for
assessing the provision afcosystem services, according the view of COdarticipants. New 4 indicators have been included during the CLIMO project
meetings.Nineindicators were not selected (3.Blo-wood goods; 3.45ervices6.1Forestholding; 6.2Contribution of forest sector to GDP; 6.Retrevenue;
6.4 Expendituredfor services; 6.3-orestsector force; 6.80ccupationalsafety and health; 6.1 Culturaland spiritual values)

Criteria Indicator name Label Description pased on the MCPFE 2002 & Madrid 2015
Area of forests and other wooded land, classified by forest type and by availability
1.1Forestarea Forest area .
wood supply, and share of forest and other wooded land in total land area
C1: Brest 1.2 Growing stock Growing stock Growing stock on forest and other wood&hd, classified by forest type and by

Resources anc

Global Carbon 1 3 age structure and/or

Cycles diameter distribution Forest struicture

1.4 Carbon stock Carbon stock

availability for wood supply
Age structure and/or diameter distribution of forest and other wooded land, classi
by availability for wood supply

Carbon stock and carbon stock changes in forest biomass, forest soils and in har
wood products

2.1Deposition of air Air pollutants

Deposition and concentration of giollutants on forest and other wooded land

Chemical soil properties (pH, CEC, C/N, organic C, base saturation) on forest an
wooded land related to soil acidity and eutrophication, classified by main soil type

Defoliation of one or more main tree species on forest and other wooded land in ¢
of the defoliation classes

Forest and other wooded land with damage, classified by primary damaging ager
(abiotic, biotic and human induced)

Balance between net annual increment and annual felling of wood on forest avail
for wood supply
Quantity and markevalue of roundwood

Proportion of forest and other wooded land under a management plan or equivale

pollutants
C2: Forest 2.2 Soil condition Soil condition
Health and
Vitality 2.3 Defoliation Defoliation
2.4Forest damage Forest damage
.lincrement and fellin Increment/fellin
C3: Forest 3.1Increment and felling crement/felling
Biological 3.2Roundwood Roundwood
Diversity 3.5Forests under
Management plan
management plans
4.1 Tree species compositio Diversity
C4: Forest 4.2 Regeneration Regeneration
Biological
Diversity 4.3 Naturalness Naturalness

4.41Introduced tree species New species

Area of forest and other woodddnd, classified by number of tree species occurrin

Total forest area by stand origin and area of annual forest regeneration and expa

Area of forest and other wooded land by classwofS WE ov s ~*puv J*SuE
C Ne-M]SHE O0_ }E C "%0 VS S]}ve_ -

Area of forest and other wooded land dominated by introduced tree species
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4.5Deadwood Deadwood

4.6 Genetic resources Genetic resources
C4: Forest 4.7 Landscape pattern Fragmentation
Biological 4.8 Threatened forest .
Diversity species Threatened species

4.9Protected forests Protected area

Volume of standing deadwood and of lyidgadwood on forest and other wooded
land

Area managed for conservation and utilisation of forest tree genetic resources (in
and ex situ genetic conservation) and area managed for seed production

Area of continuous forest and of patches of forest separated byfamst lands

Number of threatened forest species, classified according to IREINList categories
in relation to total number of forest species

Area of forest and other wooded land protected to conserve biodiversity, landsca|
and specific natural elements, according to MCPFE categories

5.1Protective forests soil,

C5:Protective water and other

Area of forest and other wooded land designhated to prevent soil erosion, preserve

Function (Soil . Protective forests water resources, maintain o#r protective functions, protect infrastructure and
ecosystem functions, ant :
and water 5 . managed natural resources against natural hazards
infrastructures
6.7Wood consumption Wood consumption Consumption per person of wood and products derived from wood
Cé: 6.8 Trade in wood Tradein wood Imports and exports of wood and products derived from wood
Socioeconomit .9 Eneray from wood ) ) - -
Functions resou??:/es Wood energy Share of wood energy in total primary energy supply, classified by origin of wood
6.10Accessibility for Accessibilit The use oforests and other wooded land for recreation in terms of right of access
recreation y provision of facilities and intensity of use
Management system Forestry Forest area classified according the silvicultural system adoptashice system; ever

New indicators Slenderness coefficient Slenderness

added by Vertical distribution of tree

CLIMO crowns
participants

Vertical crowns

Horizontal distribution of

Horizontal crowns
tree crowns

aged system (clear cut or shelterwood), unexsged system (selection system)

The ratio of tree total height to diameter outside bark at 1.3 m above ground level
Distribution of tree crown in the vertical space. It can be measure in terms of laye
(one, two, mutiple), or in terms of ratio between tree height and crown length.
Canopyspace filling and can be expressed in measure of density of tree crowns, ¢
as crown area, tree crown diameter. It can be also expressed in measure of dens
trees, such as trees per hectare, basal area per hectare (in this case the horizont
distribution refers to the tree).
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Table 2: Ecosyster8erviceselected from CICES databas&CES classification, version4, 2012;
https://cices.eu) and considerediseful tomonitor and assess Climat8mart Forestry, accordinthe view

of CLIMO participants

Ecosystem service Label CICESection CICE®ivision
Recreation and mental and : I
. Recreation Intellectual and experientially

physical health
Tourism Tourism Symbolic
Aesthetic appreciation and o
inspiration forculture, art and Aesthetic 3 Symbolic
design >
Spiritual experience and sense ©

P P Spiritual Symbolic
place

, , Cultural .
Protection of cultural heritage . Symbolic
heritage
Primary biomass production PBP Materials
Food Food > Nutrition
Timber fuel, fibre Raw materials = Materials
Fresh water Fresh water 2 Nutrition
Pharmaceutlcals and bio Medicinal 8 Materials
chemicals a
Genetic resources Genetic Materials
resources

Production of atmospheric Photos/nthesis Regulations biotienvironment

oxygen
Soil formation and retention
Nutrient cycling

Water cycling

Soil formation
Nutrient cycling
Water cycling

Maintenance of genetic diversit  Gene pool
Habitats for species Refugia
Purification of water and air Purification
Carbon sequestration and .
Sequestration

storage

Moderation of natural
disturbancese.g, flood
alleviation

Erosion prevention and

Disturbances

Regulating

Regulations physical environme
Regulations biotic environment
Flow regulation
Regulations biotic environment
Regulations biotic environment
Wastes regulation

Regulations physical environme

Flow regulation

i ) Erosion Flow regulation
maintenance of soil health g
Pollination Pollination Regulations biotic environment
) ) Biological . . .
Biological control 9 Regulations biotic environment
control
41



5 Table3: Centrality values. Degree is the number of ties that link each indicator with forest ecosystem
1 6 services; Betweenness represetite number of timeone indicatorin the network is® A v_ }8Z &
g 7  indicatorson the causal pathClosenessalculates the farness anarmalized closeness centraliand
4 8 variants of each vertex and gives the overall network closeness centraliz&boneis a maximal group of
5 9 actors, all of which areonnected to some number (k) of other members of @mtity. Group show the
?10 cluster identified in this study, based on the centrality values and position of nodes in the network.
g Selected indicator Degree Betweenness Closeness K-core Group
10 1.1- Forestarea 23 30.1 79 14 1s-core group
11 2.1- Deposition of air pollutant: 23 30.1 79 14 1s-core group
12 2.4- Forest damage 23 30.1 79 14 1s-core group
1431 3.5- Management plan 23 30.1 79 14 1s-core group
15 4.1- Diversity 23 30.1 79 14 1s-core group
16 4.3- Naturalness 23 30.1 79 14 1s-core group
i; 4.4- New species 23 30.1 79 14 1s-core group
19 4.9- Protected forests 23 30.1 79 14 1s-core group
20 (Qimo) - Forestry 23 30.1 79 14 1s-core group
21 4.7 - Fragmentation 21 25.2 83 14 1s-core group
gg 6.7 - Woodconsumption 19 20.9 87 14 1s-core group
24 6.9- Wood energy 19 17.3 87 14 2"d-core group
25 2.2 - Soil condition 18 15 89 14 2"d-core group
3673 2.3- Defoliation 18 15 89 14 2"d-core group
28 5.1- Protective forests 18 15 89 14 2"-core group
29 (Climg - Verticalcrowns 18 18.3 89 14 1s-peripheral groug
30 (Climg - Horizontal crowns 17 16.5 91 13 1speripheral groug
g; 1.3- Forest structure 15 10.1 95 14 1%-peripheral groug
33 4.2 - Regeneration 13 7.8 99 13 2"d-core group
34 4.5- Deadwood 11 5.2 103 11 1s-peripheral groug
gg 4.6- Genetic resources 11 55 103 11 2"d-core group
37 1.4- Carbon stock 10 3.9 105 10 1*-peripheral grouf
38 3.1- Increment/fellings 10 3.8 105 10 I1s-peripheral groug
39 1.2- Growing stock 9 3 107 9 1st-peripheral groug
22 4.8- Threatened species 9 3.2 109 9 2"d-core group
42 (Climg - Slenderness 9 2.9 109 9 Is-peripheral groug
43 6.1- Accessibility 6 14 121 6 2"9-peripheral groug
44 3.2- Roundwood 4 0.5 119 4 1%-peripheral groug
22 6.8- Trade in wood 1 0 125 1 1%-peripheralgroup
4711
4812
49
5013
51
52
53
54
55
56
57
58
59
60
61
62
63 42
64
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Box 1t ClimateSmnart Forestry in mountain regions definition
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Supplementary naterial
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The road to CSF concept
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accounts for 10¢ublications since 200F-igure S1).

CSF literature review
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Year

Figure SINumber of publications from 2062019 §Z § Jv oy BnwfuFdesy|[ <« « & Z § CEue |v
Web of ScienceVarious searches (Scopus, google scholar, Web of science) has yielded different results,
ranging from 82t 106 publications using the same search parameters. Date search perfod3/687/2020.

Nitschke and Inne@008)modelthe response oforestecosystem structuréo potentialfire regimes and
species under climatenduced changesighlighting the need to integrate climatmart strategies into

forest management planning and ajgation. Jantke et a{2016)compare Natura 2000 sites with levels of

soil carbon and agricultural land values, which show a correlation between low land values and high soil
carbon content and argue that such criteria could be a template for cliraai@t conservation strategies.
However, this study restricts the interpretation solely to agricultural values and thus omits wider economic,
environmental and social potential. Yang et(2D15)focus on the potential impact of species

Zdaptational lag[ $ hanges in and maintaining the productive stock and genetic variety of black spruce
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(Picea mariangMill.) BSB; they emphasise that important mixed forest structures can be achieved
through targeted climatesmart seed movements that mitigate against slomunresponsive adaptation
processes. Halofsky et &018)strongly advocate climatemart strategies that facilitate rapid practical

implementation, in response to the increasing frequency of extreme events.

Acceptance and adoption of climagenart stategies and responses are dependent on people that drive
policy, implement management and communities that rely on forests services. The potential for both
disruption and enhancement of the soeé@onomic landscape is widanging. However, transnational

forest policy continually fails to connect to the local working realities, which are critical for developing
coherent policies that can adapt to the diversity and complexity of local contButket al, 2018) Winkel

and Sotiro(2016)highlight that foest policy suffers from symbolic rhetoric to serve sectoral interests
(economic and institutional competition) but rarely achieves any substantive progress. Common pathways
to realising change focusses on see@logical systems by connection to local ®&iems, promoting

dialogue between stakeholders, fostering social innovation and providing an institutional framework to

facilitate new structure¢Biggs et aj2010)

Socieecological systems can be viewed as a way to release economic and social p(fetiady2018)
however, effective indicators for social values and cultural ecosystem services are still undeveloped and
difficult to asses¢Maes et al.2016) Socal values can be used indicatively within specific spatial areas and
help establish main priorities but usually require further clarification and verificg@dran et al.2012;
Tenerelli et al.2016) However, such approaches could provide a frameffactive social indicators on a
landscape level. Much like ecosystem management, CSF is underpinned by the interactions between
various dynamic components aiming to interlink at multiple levels and facilitating transformation through
more adaptive, integated and collaborative approachéSolke et al. 2010)As forest managers, policy
makers and the wider population are central to promoting and developing the CSF process through socio
ecological systems, participatory decisioraking and sociahnovationare considered crucial pathways to
achieving these aim®iggs et al. 2010%reater expansion of soeexological systems and CSF will

continue with the emergence of new knowledge and problems, therefore the scope of CSF should be
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62 responsive, as well asgmned to best adapt to specific needs when time arrives. Blattert. ¢2617)
263  acknowledge that forest managers require appropriate management strategies to produce diverse services
64 that the public require. They weighted their indicators to represent aggment functions considered

765 more important in a local or regional context, such as mountain forests, and recognised the protective

966  function as the highest priority. This approach provides a basic flexibility to take into account more area
167  specific requirenents and changing management objectives over diverse landscapes. However, this

1468 approach should be investigated further to refine and expand the flexibility.

1769 In summary, these papers on CSF highlight the need for collaboration across boundaries angi@ver la
0 spatial scales to ensure the productivity and functionality of forests into the fuunton et al, 2010;
2271 Curtin 2014; Johanssqr2016) Aligning climatesmart characteristics of forestry with management

3‘5172 practices and communicating clear methodsianagers remains an elusive step for integrating climate

2 . . . L.
27 3 change management responses with current management and guidance. Addressing these gaps is integral
28

2974  to this project, as well as recognising the current shortfall of work around semiddgical systms of CSF,

30

3175 whichis a key feature in harmonising new management approaches and knowledge into current systems.

33
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111  AppendixB

1

2

312 Table Sitist of CLIMO meetings related to development of definition and indicators
4

313

6
7 Meeting Date Action Comments

8
9 Trento, February, Identification of a sulgroup to Membership of definitions suggroup

10 Italy 2017 work on definition of Climate commenced with those expressing a

E Smart Forestry. First discussion strong interest in participation, but
13 three components, comprising  continued with filling of gaps in the

14 mitigation, adaptation and social composition. For example, ensuring the
15 dimensions. experts representing o#tr Working

ig Groups (not just Working Group 1) wer

18 included.

19
20 Sofia, September, Threeday workshop to establish Aone-page initial draft definition was

21 Bulgaria 2017 an initial definition of Climate prepared. Contribution at this stage led

gg Smart Forestry. Sugroup to co-authorship of definition.
24 included Chair, Vice Chair and

25 Project Manager, Working Grouy
26 1 Leader ad members of the

257; other Working Groups.

gg Virtual October,  Onepage initial draft definition  Contributions at this stage resulted in

31 (email) 2017- shared for commenand amendments to the draft and inclusion
32 February, amendment with entire COST  in co-authorship.

33 2018 Action.
34

35 Sofia, February, Working Group 1 subroup A contribution at this stage that resultec

gg Bulgaria 2018 refinement of draft and in amendment to the draft brought

38 presentation to Open Meeting fo inclusion in ceauthorship.
39 further/final criticism and

40
a1 amendment.

el
44
45
46
47
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53
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Table 3: List ofparticipantswhich attended to the meetingdn bold the ceauthors ofthe manuscript.

Trento | Sofia Virtual Sofia
Surname Name Country Background Feb17 | Septl7 Oct-17- Feb18
Feb18
Antonucci Serena Italy Forest ecology X
Azevedo Joao Portugal Forest economics X
Bielak Kamil Poland Forest managemen X
Binder Franz Germany | Silviculture X X X X
Bowditch Euan Einnlcf;j?)m Forest policy X X
Cherubini Paolo Switzerland | Forest ecology X
Chianucci Francesco | Italy Forest managemen X
Coll Lluis Spain Forest managemer]  x X
N . Landscape
HE}IA] e oil Montenegro architectEre X
HEIA] D]o] Montenegro| Forest ecology X
Dalponte Michele Italy Remote sensing X
delRio Miren Spain Forest modeling X
Di Lella Stefania | Italy Forest ecology X
Dimopoulos Panayotis | Greece Forest ecology X
Dinca Lucian Romania | Forest soils X
. . . Forest
Ditmarova @u ] Slovakia ecophysiology X X
Fayvush Georgi Armenia Forest botany X
Frizzera Lorenzo |ltaly Forest ecology X
Gianelle Damiano | Italy Remote sensing X
Heinze Berthold | Austria Forest genetics X X
llieva iliana Bulgaria Forest o X
communication
< “ v-Brubin | Milica Serbia Forest soils X
Kluvankova Tatiana Slovakia Forest economics X X
Kurylyak Viktor Ukraine Silviculture X
La Porta Nicola Italy Forest pathology X X X X
Lavadinovic | Vera Serbia Forest economics X
Lesinski Jerzy Poland Forestbiodiversity X X X
Marshall John Sweden Forest . X
ecophysiology
Meszaros llona Hungary Forest : X
ecophysiology
Motta Renzo Italy Silviculture X X
Neroj Bozydar |Poland Forest inventory X
Pach Maciej Poland Forest X X X X
management
Panzacchi Pietro Italy Forest ecology X X X X
Pretzsch Hans Germany | Forest growth X X
w*“] }A Eva Slovakia Forest . X
ecophysiology
49
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Puletti Nicola Italy Forest inventory
Radoglou Kalliopi Greece Forest .
ecophysiology
Santopuoli Giovanni | ltaly Forest
management
: , United :
Smith Melanie Kingdom Forest policy
Snorrason Arnor Iceland Forest managemen
Spathelf Peter Germany | Forest growth
Stojnic Srdjan Serbia Forest .
ecophysiology
Temperli Christian | Switzerland | Forest inventory
Tognetti Roberto | Italy Forest .
ecophysiology
Tonon Giustino | Italy Forest ecology
Torresan Chiara Italy Forest managemer
Tsonev Tsonko Bulgaria Forest :
ecophysiology
Velikova Violeta Bulgaria Forest :
ecophysiology
Weatherall Andrew U_n ited Forest ecology
Kingdom
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AppendixC

Description ofnetwork analysis implementation

The analyticetwork analysis alloato assesgairwise relationships between objects and entitadsa

network toidentify trends and patternsin this study, the entities agvo important tools that deal with

forest management, namely the indicators set of sustaiedbrest management (SFM) developed by

Forest Europe in 1998 and recently updated in Madrid 20itps://foresteurope.org/sfmcriteria-

indicators/), and the forestelated ecosystem services according to the CICES classification version 4, 2012
(https:// cices.el). The objects of the network are, on one side the SFM indicators, and on the other side
the ecosystem services. The analysis aims to assess and displays the connection between SFM indicators
and forestrelated ecosystem services accordtoghe preferencesof people involved in the project

meeting.All the objects where equally considered in this study, and connections were delineated
considering the suitability of indicators to provide useful information for assessing adaptation and

mitigation farest management.

Analyzing the structure of network is possibleotaservesome centrality measures which allowfiod the

most important nodes in a network

Some of the most commonly centrality parameters:are

x Network size (Ns), which corresponds te tumber of nodes forming the network (egn. 1). In this
context, higher values of Ns display high variabiitthe number ofindicators(29)and ecosystem

serviceq23)identified by the participantas useful to assess tliimate-smartforestry.

E e« Anbdes (1)

x Network density (Nd), which corresponds to the proportion of existing lines when compared to all
the possible lines (egn. 2). Higher values of Nd reflect the complexity of the network and, in this
context, of social value#t reflectsthe nonttrivial topological features abosethe relationships

between SFMndicatorsand forestrelatedecosystem services
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each nale. Higher values of Degree indicate the central position of the node within the network,
reflecting the importance given by people to this node. The Degree is the sum of Indegree and
Outdegree values, fazcosystem serviceand Indicators respectively. &indegree is the number
of ties that eaclsquarenode receives while the Outdegree is the number of ties that eacle
VI e v e 3} }8Z @ v} X Z VSE 0]5C[] Vv3](] * 3Z v} [+ }E Ju%}
This is particularly relevant inithcontext, because it allows to highlight the ledgmentsthat

support CLIMO participants in the development of CSF definition.

x Betweenness centrality is based on the number of times a node in the netwérk iSA v _ }8Z &E
nodes on the causal pathShe Betweenness reflects on how many links depend on this particular

node (eqn. 4):

- 3, 248

sEVELETV
X

AZ @ Me§ ]e 8Z Vvpu @€ }( *Z}ES 5 % 3Z+ (E}u » 8} 3U v MeS~Ae e

to t that pass through a vertex v.

X K-core consists in the idwification of particular subsets of the network. Ac&re is a maximal
group of actors, all of which ammnnected to some number (k) of other members of the group. If
an actor has ties to a sufficient number of members of a grthgy may feel tied tohat group,
even if theydo not know many, or even most membersiriay be that idatity depends on

connection, rather than on immersion in a sgioup.

The main output of the analytic network analysisdisplayed in the figure &, S3, and S4
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2967 Figure @: Suitable Indicators for monitoring the ADATATION of Climat8mart Forestryn mountain ecosystemsSquare blue nodes represent the
2é68 Ecosystem Services, while circle red nodes represent the Indicators for Sustainable Forest Management.
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2971 Figure 8: Suitable Indicators for monitoring the MITIGATION of Climé&mart Forestryn mountain ecosystemsSquare blue nodespresent the
2é72 Ecosystem Services, while circle red nodes represent the Indicators for Sustainable Forest Management.

23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

55

5

b3

%74 The indicators listed on the top, left corner are not considered by CLIMO patrticipants for the mitigation to climate change.
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P76 Figure &: Network analysis of CSF indicators relevance to adaptation and mitigation. The map shows the suitable Indicators for agS4MATISMART

7 FORESRYin mountain ecosystems. This map represents the merged map considering both, adaptive and mitigatiets, according the point of view of
2878 CLIMO participantsSquare blue nodes represent the Ecosystem Services, while circle red nodes represent the Indicators for Sustainable Forest
3%79 Management.
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